Summary.-Suspensions of isolated cells were obtained from livers of normal rats and rats treated with the hepatocarcinogen N,N-dimethyl-4-aminoazobenzene. (Greengard, Federman and Knox, 1972 Schuler, 1971 ). On the other hand, centrilobular cells have higher levels of glycolytic enzymes and the enzymes of fatty acid oxidation (Novikoff, Shin and Drucker, 1960; Novikoff and Essner, 1960; Desmet, 1963) .
Summary.-Suspensions of isolated cells were obtained from livers of normal rats and rats treated with the hepatocarcinogen N,N-dimethyl-4-aminoazobenzene. THE NORMAL rat liver is composed of a number of types of cells among which the parenchymal cell is predominant. It is the largest cell so that while accounting for about 60% of the liver cell population it makes up most of its mass (Greengard, Federman and Knox, 1972) . Rat liver cells are arranged in lobules which have at their centres an efferent venule and at their periphery structures known as portal triads which consist of a portal venule, hepatic arteriole and a bile duct lying in close association with each other (Elias, 1963; Rappaport and Bilbey, 1960 (Reith and Schuler, 1971 ). On the other hand, centrilobular cells have higher levels of glycolytic enzymes and the enzymes of fatty acid oxidation (Novikoff, Shin and Drucker, 1960; Novikoff and Essner, 1960; Desmet, 1963) .
The administration of a number of hepatocarcinogens including N,N-dimethyl-4-aminoazobenzene (DAB), the carcinogen which is used in this study, has been shown to result in some cell death and a form of regeneration which disorganizes the normal architecture of the liver. This is associated with the appearance of new cell types, for example " oval cells" which originate in the portal region and later, abnormal parenchymal cells which are distributed more generally (Price et al., 1952; Farber, 1956; Steiner and Carruthers, 1961; Grisham and Hartroft, 1961; Rubin, 1964; Daoust and Molnar, 1964; Molnar and Daoust, 1965) . With time, foci of neoplastic cells appear among this altered cell population (Desmet, 1963) .
Isolated liver cells have been prepared by a number of methods (Mateyko and Kopac, 1963; Jacob and Bhargava, 1962; Ontko, 1967; Rappaport and Howze, 1 966a,b,c; Gerschenson and Casanello, 1968; Pertoft, 1969; Castagna and Chauveau, 1963) , of which the most successful involve perfusion of the liver with Ca2+-free media containing collagenase and hyaluronidase (Howard et al., 1967; Howard and Pesch, 1968; Berry and Friend, 1969; Seglen, 1972 Seglen, , 1973a  Howard, Lee and Pesch, 1973; Quirstoff, Bondesen and Grunnet, 1973; Ingebretson and Wagle, 1972) . The differences in size and composition of cells occurring within the lobule could possibly provide the basis of a fractionation of liver cells and 2 laboratories have already reported fractionations of isolated cells based on this supposition (Castagna and Chauveau, 1969; Walter et al., 1973) .
In Fractionation of the parenchymal cell suspension.-Seven ml of fraction P were layered over 15 ml of 9-35% (w/v) Ficoll (density, 1-033 g/ml, 4°C) in round-bottomed borosilicate glass tubes (length 9-0 cm, diameter 2-4 cm) and centrifuged at 50 g for 3 min. Ficoll was obtained from Pharmacia, U.K. The Ficoll-free layer at the top of the tube, together with the interface, was removed and the remaining 9-35% (w/v) Ficoll medium was divided into equal upper and lower fractions. Both fractions were diluted with Ca2+-free Hanks' medium and pelleted by centrifugation at 50 g for 3 min. (Baker, 1944) and examined histologically. Isolated cells were fixed either before or after pelleting with phosphate buffered OS04 at pH 7-3 (Millonig, 1961) Chemical estimations.-Protein, DNA and RNA were determined by the method of Lowry et al. (1951) , the diphenylamine method (Burton, 1956 ) and the orcinol method (Mejbaum, 1939) respectively. Standards were bovine serum albumin (B.D.H., Poole, Dorset), calf thymus DNA type I and bovine testicular RNA type I, both from Sigma, London.
Acid phosphatase activity.-/3-glycerophosphatase activity was assayed on 0-25 ml samples of cell suspensions for 1 h using 0-5 mol/l ,3-glycerophosphate in 1 mol/l acetate buffer, pH 5-0 as substrate (Bertaght and De Duve, 1952) . Inorganic phosphate released into the supernatant was assayed by the method of Fiske and Subbarow (1925) .
RESULTS

Dissociation of liver cells
During perfusion with the enzyme solution the structure of the liver began to break down, with the result that after about 10 min in the case of the normal animal, perfusate began to pass through the surface of the liver. In DAB treated liver this effect was variable and often occurred as soon as 5 min after the commencement of perfusion.
The weight of residue remaining in the nylon mesh indicated that both normal and DAB treated liver were approximately 50% dissociated by the present method.
Yield of cells
The total yields of P and NP cells are shown in Table I . The yield of P cells from DAB treated liver was very variable compared with that from normal liver but there was no statistically significant difference between the two. The yield of NP cells was much less than that of P cells in both cases. Again the yield of NP cells from DAB treated liver was more variable than that from normal cells, but in this case the yield from DAB treated liver compared with normal liver was significantly greater statistically (P < 0-001).
Microscopy
Light microscopy showed that P cells from normal liver consisted of single, large and well-rounded parenchymal cells of Tables II and III) .
Differences between S and F fractions are statistically significant in the cases DNA content (P < 0.005) and acid phosphatase activity (P < 0.05).
Cells from DAB treated liver Cells were fractionated from 10 animals receiving diet for 23, 27, 31, 38, 45, 50, 52, 58, 60 and 64 days respectively. In most of the parameters measured no time dependent trend was observed and therefore results were treated statistically en bloc.
Numbers of cells in the fractions F, I Cell diameter, nucleocytoplasmic ratio, acid phosphatase activity and DNA content differed little between the fractions. However, protein and RNA contents varied in the manner F > S and the differences were statistically significant, P being < 0-005 for protein content and < 0*05 for RNA content (see Tables II  and III numbers of cells in the NP fraction from DAB treated liver (P < 0.05) was attributed to an increase in the small parenchymal cells in this fraction. Except in the case of S cells, DAB treatment gave rise to cells with a higher nucleocytoplasmic ratio (for F cells P < 0-001 and I cells P < 0.05) while the protein and RNA contents and acid phosphatase activity were lower in all fractions, but particularly so in the S fraction where in statistical analysis P < 0u001u in all cases (see Tables II and III) .
It is stated above that no time dependent trend was observed in most of the parameters measured. One possible exception, however, was the DNA content of slow cells which was lower than controls at most time intervals but rose to 200% and 170% of the mean control value at 38 and 45 days respectively. This is reflected in the high standard deviation for this group of results shown in Table III . DISCUSSION 
Fractionation of normal liver
The technique used to produce the liver suspension itself brings about a fractionation. Only half the liver is dissociated and when the residue is examined histologically it is composed mainly of periportal areas. From this it is concluded that the dissociated cells are largely of centrilobular and mediolobular origin.
The (Mills and ZuckerFranklin, 1969) . The work of Van Berkel and Seglen suggests that a higher centrifugal force than used in the present work is required to sediment them (Seglen, 1973b; Van Berkel, 1974 (Novikoff et al., 1960; Novikoff and Essner, 1960; Desmet, 1963) . Their yield is also low, which is to be expected from a method giving poor dissociation of periportal cells.
The F and I cells presumably represent a range of cells from the centrilobular and mediolobular regions. A method has been described by Seglen (1973b) which gives a tissue residue of only 10-15% of the total liver weight. A similar fractionation carried out on such dissociated livers would be expected to give higher yields of fraction S.
Fractionation of DAB treated liver
The fractionation of livers of animals which had received DAB was different from that of normal liver at every point. Although 5000 of the liver still remained undissociated, the residue from DAB treated liver showed even more cells associated as cords of liver cells. Also in this residue abnormal structures of a ductular nature were sometimes found. At later stages of feeding when nodules were visible in the liver these failed to dissociate and were also found in the tissue residue.
The P cells from DAB treated liver were somewhat smaller than normal P cells and many of them were vacuolated and contained lipid droplets, which is a toxic effect occurring during DAB administration (Porter and Bruni, 1959; Ketterer, Holt and Ross-Mansell, 1967; Bruni, 1960; Svoboda and Higginson, 1968) . When submitted to the same F, I and S subfractionation as normal P cells, it is clear that they form a very different population of cells. Instead of this fractionation being determined by size and nucleocytoplasmic ratio, differences in these characteristics in the F, I and S fractions are small. The differences between these which are most marked are in RNA and protein content. After DAB treatment acid phosphatase levels in the whole liver have been shown to fall (Desmet, 1963) al., 1952) .
Histologists have noted the presence of nests of hyperbasophilic cells and cells with polyploid nuclei in carcinogen treated livers and have suggested that these are foci for future neoplasia (Desmet, 1963; Daoust and Molnar, 1964; Molnar and Daoust, 1965) . However, since these cells probably account for a small proportion of the total cells, they are not likely to be detectable in the fractions obtained in this work.
The cells fractionated resemble small parenchymal cells and show signs of toxic effects, in that they are vacuolated and have lipid inclusions. Under the electron microscope, the presence of free ribosomes is seen and in addition there is massive proliferation of smooth endoplasmic reticulum. The few biochemical characteristics we have measured show how different these cells are from normal cells. It is clear that they are cells responding to the carcinogen but it cannot be said from the simple data available whether or not any of these cell fractions show changes characteristic of stages leading to preneoplasia. More sophisticated experiments which might reveal such changes are feasible. For example, it would be of interest, using tracer labelled compounds, to study carcinogen binding, nuclease activity, DNA and RNA turnover and rate of protein synthesis in the 3 cell fractions and in the tissue residue.
In conclusion, this preliminary survey shows that the method of liver cell dissociation utilizing perfusion with collagenase and hyaluronidase as used in the present work tends to leave periportal tissue undissociated. Of the cells which do dissociate, a potentially useful fractionation of cells can be obtained from both normal and DAB treated liver using rate sedimentation in Ficoll solutions at low g for short periods of time.
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